Abstract Purpose: To design and develop a new series of histone deacetylase inhibitors (FP1 -FP12) and evaluate their inhibitory activity against hydroxyacetamide (HDAC) enzyme mixture-derived HeLa cervical carcinoma cell and MCF-7.
INTRODUCTION
Histone deacetylase (HDAC) enzyme is one of the leading targets in the process of anticancer drug development. HDAC was divided into three distinct structural classes as class (I/II) zincdependent and class (111) NAD dependent [1] . These enzymes are a part of multiprotein complexes, catalyzing the removal of acetyl group from lysine residue on protein including histone. Suberoyl anilide hydroxamic acid was the primary important histone deacetylase inhibitor (HDACI) (Figure 1 ).
Suberoyl anilide hydroxamic acid has three basic parts as surface recognition, linker and metal binding portions. HDAC inhibitors have shown to bind the active site and block the substrate access, causing a resultant accumulation of acetylated histones [2] . HDACIs inhibit tumor growth, cell differentiation and programmed cell death. HDACIs induce cancer cell cycle arrest, growth inhibition, differentiation, and programmed cell death [3] . HDACI induced cell cycle arrest and growth inhibition is usually correlated with transcriptional activation of p21WAF1/CIP1, p27KIP1, GADD45a [4] and inhibition of cyclin A, cyclin D and thymidylate synthetase [5] . The most important HDACI are the hydroxamic acids group followed by the benzamides, the cyclic tetra peptides, the carboxylic acids and the electrophilic ketones [6] . These observations prompted us to modify the linker portion to an imidazolo triazolated moiety and enacting the metal binding hydroxamic acid portion and molecular docking against 1T69, synthesize and check their in vitro HDAC inhibition, antiproliferative efficacy against MCF-7 cell line. 
EXPERIMENTAL Molecular docking protocol and binding analysis
All computational studies were carried out using AUTODOCK 4.0.1. The geometry of HDAC-8 was extracted from the Brookhaven protein data bank (PDB entry code: 1T69) complexes with the irreversible inhibitor SAHA (Suberoyl Anilde Hydroxamic acid). All the residues within 20 Å core from SAHA were used to define the metal binding site. For the docking, a grid spacing of 0.375 Å and 126 × 90 × 90 number of points was used. The grid was centered on the mass center of the experimental bound SAHA coordinates. Autodock generated 10 possible binding conformations. A default protocol was applied, with an initial population of 150 randomly placed individuals, a maximum number of 2.5 x 10 5 energy evaluations, and a maximum number of 2.7 x 10 4 generations. A mutation rate of 0.02 and a crossover rate of 0.8 were used [7] [8] [9] [10] . Cluster analysis of the docking results using root mean square deviation (RMSD) tolerance of 2 Ǻ.
Materials and equipment
Melting points were checked using open capillary method Veego Electronics Apparatus. The IR spectra for comparison of synthesized compounds were recorded on a Perkin Elmer (serial no: 78625) FTIR spectrophotometer. 1 HNMR spectra were recorded on Bruker Avance DRX300 300MHz FTNMR spectrometer using DMSO-d6 as solvent. The chemical shifts were measured at δ units (reported as ppm) relative to TMS and signals are reported as s (singlet), d (doublet), t (triplet), q (quartet, m (multiple). Mass spectra were also recorded. All 1HNMR and Mass spectra was done by IICB, Kolkata and CDRI, Luck now. UV spectroscopy was done by the help of Shimadzu UV-1700 Spectroscopy. Elemental analysis was performed using a microanalytical unit. All chemicals were procured from sigma Aldrich and Merck. All the reactions were routinely checked by precoated Merck thin layer chromatographic plate using toluene:methanol (9:1) as solvent system.
Chemistry

Synthesis of 2-chloro-N-hydroxyacetamide (III)
Methanol (12 mL) and 0.0336 M, 2.34 g of hydroxylamine hydrochloride were placed over a heated magnetic plate in a flask. The mixture was stirred for 5 min and added drop wise to a previously prepared methanol solution of 0.0501 M, 2.81 g potassium hydroxide. Then the resulting solution was cooled to room temperature and filtered. The filtrate was stored and used for the next step.
Then 25 ml of methanol was taken in a 250 ml beaker and stir over magnetic stirrer. Total synthetic setup was done under fuming cupboard. Pour 0.07 M, 5.6 ml of chloroacetyl chloride from dropping funnel onto the methanol and mixed it properly. Then hydroxylamine stock solution was added dropwise to the choloroacetyl chloride and stir for 2 h. The product was obtained by filtration. Filtrate was washed with diethyl ether and recrystallized from methanol. After cooling the mixture, add 10 mL of ethanol into the solution and kept for overnight at below 5 o C. The obtained precipitation was filtered and washed the filter cake with ethanol followed by drying under vacuum. Synthesis was performed as per Scheme 4 and result reported in Table 2 . 
In vitro HDAC inhibition assay
In vitro fluorescent histone deacetylase assay: HDAC inhibition assays were performed using the HDAC fluorescent activity assay kit. HeLa cell nuclear extract which contains a number of HDAC isozymes and other nuclear factors, was used as the source of HDAC activity. The final substrate concentration in the assay mixture was 50 µM. The reaction was allowed to proceed for 10 min at room temperature before a stop solution was added. Test compounds were prepared as 20 mM stock solutions in DMSO and stored at -70 o C. DMSO had no significant effect on the activity of this assay at concentrations up to 5 % with the final DMSO concentration in the assays of not more than 2 %. Assays were performed in white polystyrene 96-well half-area assay plates and measured on a Wallac 1420 fluorescent plate reader with an excitation wavelength of 355 nm, an emission wavelength of 460 nm, and a one sec signal averaging time [13] .
Evaluation of antiproliferative activity on human breast cancer cell line (MCF-7)
Antiproliferative activity of FP1-FP12 was evaluated using Sulphorodamine B (SRB) assay method on MCF-7 cell line [14] . Cultures fixed with trichloroacetic acid were stained for 30 min with 0.4 % (w/v) sulforhodamine B (SRB) dissolved in 1 % acetic acid. Unbound dye was removed by four washes with 1 % acetic acid, and protein-bound dye was extracted with 10 mM unbuffered Tris base [tris hydroxymethyl) aminomethane] for determination of optical density in a computer-interfaced, 96-well micro titer plate reader. SRB assay results were linear with the number of cells and with values for cellular protein measured by both Lowry and Bradford assays at densities ranging from sparse sub-confluence to multilayered supraconfluence. The signal-to-noise ratio at 564 nm was approximately 1.5 with 1,000 cells per well.
The sensitivity of SRB assay compared favorably with sensitivities of several fluorescence assays and was superior to those of both Lowry and Bradford assays and to those of 20 other visible dyes. SRB assay provides a colorimetric end point that is nondestructive, indefinitely stable, and visible to the naked eye. It provides a sensitive measure of drug-induced cytotoxicity, is useful in quantitating clonogenicity, and is well suited to high-volume, automated drug screening. SRB fluoresces strongly with laser excitation at 488 nm and can be measured quantitatively at the single-cell level by static fluorescence cytometry.
Statistical analysis
All the data were subjected to one-way ANOVA followed by Dunnett's test. Statistical analysis was carried out using GraphPad Prism software 5.0. Statistically significant difference was set at p < 0.05.
RESULTS
Molecular docking
Energy minimized conformer with best Dock scores was considered for the identification of interacting amino acid residues with ligands. All the binding interactions were tabulated and diagrammatized in the (Table 1) . 
Synthesized compounds
Twelve new hydroxyacetamide derivatives (FP1 -FP12) were prepared by the condensation of different oxazolone (XVIIIa-f) and appropriately substituted triazolated hydroxyacetamide (IX and XV) using reported method as per Schemes 5 and 6 [11, 12] . The compounds were recrystallized using ethanol. All the compounds were characterized by detailed spectroscopic (IR, 1H NMR, Mass) analyses. 
In vitro HDAC inhibition
The in vitro HDAC inhibition activities of compounds FP1 -12 are reported in terms of % inhibitory concentration (IC 50 ). All the results were presented in Table 3 and 
Antiproliferative activity against MCF-7 cell line
The in vitro cytotoxic activity of compounds FP1 -12 are reported in terms of % GI 50 and the data are shown in Table 4 . , 3300 cm -1 due to C=O, -OH, -NH stretching, around 3000 cm -1 for phenyl group, 1380 cm -1 for the etheric linkage and δ 2.500 ppm, around 7.200 ppm, around 7.800 ppm, around 3.38 ppm due to hydroxamic OH, Aromatic -H, -NH, -CH 2 group respectively but the presence of para amino group of the triazole moiety δ 5.793 ppm is missing the final set of compound. In the case of spectral data of compound FP7-FP12, as per the 1 H NMR absences of para amino group of the triazole moiety δ 5.622 ppm. Further, the structures were established by mass spectra data accordance to their molecular formula. The activity of new compounds FP1 -FP12 against HDAC enzyme mixture derived HeLa cervical carcinoma cells reported in Table 3 suggest that compounds (FP10, FP4, FP9) were showed apparently higher IC 50 value as 0.09 μM, 0.16 μM, 1.6 μM, 22.8 μM and 24.9 μM respectively as comparison to the standard SAHA molecule with 0.057 μM, among the result only FP10, FP9, FP4 were non-significantly varied from standard molecule data. However in the case of activity of new compounds FP1 -FP12 against MCF-7 cell line reported in Table 4 only FP9 showed relative GI 50 Value with 22.8 μM as comparison to control Adriamycin (ADR) with GI 50 value -50.2 μM, among the result only FP9 was nonsignificantly varied from standard molecule data.
CONCLUSION
Hydroxyacetamide derivatives have been successfully synthesized and characterized by FTIR, NMR, elemental analysis and mass spectrometry. They exhibited inhibitory activity against HDAC enzyme mixture-derived HeLa cervical carcinoma cells and MCF-7 cell line. Further investigations are required the full activity profile and toxicological properties of the derivatives.
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